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AN |ATM TELECOMMUNICATION METHOD IN WHICH TERMI NALS SEND 
TO THE SAME STATION 



The invention relates to an asynchronous transfer 
mode method of transmitting digital data made up of cells 
(packets) , ' in which method terminals send messages to a 
central station (control station) . 

It relates more particularly, but not exclusively, 
to a transmission method for use in a system in which 
calls are relayed via equipment on board a satellite in a 
non-geosynchronous orbit . 

For optimum use of a telecommunication system it is 
preferable to manage the information transmitted so that 
at all times information can be transmitted at a bit rate 
equal to the maximum bit rate allowed by the system. 

To this end, the information is transmitted in 
digital form, to limit noise and facilitate control. The 
digital information is usually divided into cells 
(packets) which can be transmitted during a given time 
interval - referred to as the cell interval - and the 
cells are transmitted with a time distribution that 
optimizes system use. In other words, the cells are not 
transmitted regularly, but in a manner that is sometimes 
referred to as asynchronous transfer mode; note that this 
does not limit the invention to the ATM standard, 
however. 

What is more, to maximize call capacities, each cell 
(packet) can be allocated a carrier frequency and/or a 
code selected from a multiplicity of frequencies and 
codes . 

There are three ways to divide radio resources 
(communication resources) : 



Assigning a code to a signal spreads its spectrum, 
i.e. multiplies the signal by a spreading code. 
Orthogonal codes, i.e. codes such that the product of a 




- Time Division Multiple Access (TDMA) . 

- Frequency Division Multiple Access (FDMA) . 

- Code Division Multiple Access (CDMA) . 



code multiplied by itself is equal to 1 and the product 
of two different codes is zero, are used for easy and 
powerful decoding (despreading) . Then, when signals x x , 
x 2 , ...Xi, ..^ are transmitted simultaneously, and each is 
assigned a respective code c 1# C 2 , c i# C n/ all that is 
required to extract the signal ^ from the sum 
x 1 C 1 +x 2 C 2 +...+x i C i +...+x n C n is to multiply the sum by Ci . 

US patent No. 5 373 502 describes a transmission 
method in which terminals send cells to a station, the 
terminals send successively in separate periods, and each 
cell is assigned at least two orthogonal codes. This 
transmission technique is known as TD-CDMA. 

In the context of the present invention, it is 
necessary not only to assign two orthogonal codes to each 
cell but also to take account of'the attenuation 
characteristics of propagation between a terminal and the 
receiving station and the power available at the 
terminal . 

To that end, in the invention, the duration of the 
period during which each terminal sends and/or the number 
of codes assigned to each terminal and/or the number of 
symbols assigned a particular code in a terminal can be 
selected for each transmission as a function of a 
determined power level . 

A guard interval is advantageously provided between 
the end of transmission by one terminal and the start of 
the next transmission by another terminal. 

In an advantageous embodiment, if a terminal 
transmits during a given time period, that period is 
uninterrupted. This avoids the wasteful provision of a 
guard time, as none is necessary in the situation in 
which the same terminal transmits several consecutive 
packets . 

The duration of the period of transmission by each 
terminal and/or the number of codes assigned to each 
terminal are preferably chosen as a function of the 
position of the terminal relative to the station. The 



position of the terminal relative to the station is a 
criterion representative of the characteristics of the 
link budget between the terminal and the station (which 
depends on the position of the terminal and also on the 
5 position of the satellite and propagation attenuation 
(whether it is raining or not) ) . 
-"^ f Other features and advantages of the invention 

become apparent from the following description of 
embodiments of the invention, which description is given 
10 with reference to the accompanying drawings, in which: 

Figure 1 shows a telecommunication system to which 
the invention is applied, 

Figure 2 is a diagram showing a method considered in 
developing the invention but subsequently discarded, and 
15 Figures 3 to 6 are diagrams explaining various 

aspects of the method of the invention. 

method according to the invention described with 
reference to the figures relates to a telecommunication 
system which divides the surface of the Earth into areas 
20 10, one of which is shown in Figure 1. Each area 

contains a central control (connection) station 20 and 
terminals (subscriber stations) 16, 18, etc. 

The terminals 16, 18, etc. communicate with each 
other via a satellite 14 in low or medium Earth orbit. 
25 In this example, the altitude of the satellite is about 

1500 km. The orbit 12 of the satellite 14 contains other 
satellites. Several orbits 12 are provided to cover the 
whole or most of the Earth. 

When the satellite 14 loses sight of the area 10, 
30 the next satellite (not shown) , which is in the same 
orbit 12, for example, takes over the call. 

The control and connection station 2 0 manages calls 
between the terminals 16, 18, etc. In particular, it 
assigns frequency, power and code resources for each 
35 terminal. To that end, each station 20 communicates with 
each of the terminals, also via the satellite 14. 

Calls between terminals pass through the station 20. 
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In other words, when the terminal 16 is communicating 
with the terminal 18 , the terminal 16 sends data to the 
station 20 via the satellite and the station 20 forwards 
the data to the terminal 18, also via the satellite. 
5 The station 20 is connected to a terrestrial 

network, an ATM network in this example. The station 20 
is therefore connected by an ATM switch 34 to a broadband 
network 36, a narrowband network 3 8 and servers 28. The 
narrowband network 38 connects users 30 and servers 24. 
10 The broadband network 36 connects users 32 and servers 
26 . 

The above kind of asynchronous transfer mode 
telecommunication system provides a high data bit rate 
with a high capacity and a short transmission time-delay. 

15 In an asynchronous network, especially an ATM 

network, the data is in digital form and organized into 
packets (cells) which, in accordance with the ATM 
standard, contain 384 data bits (symbols) and 40 header 
bits (symbols) . 

20 In addition to the ATM symbols, each cell is 

assigned twelve or sixteen additional symbols, referred 
to as reference symbols, which are used mainly for phase 
and frequency synchronization. 

In developing the invention, the possibility of 

25 using the AOCDMA transmission mode to send messages from 
the terminals 16, 18, etc. to the station 20 was 
considered . 

AOCDMA signifies "Asynchronous Orthogonal Code 
Division Multiple Access" . In outline, as shown in 

30 Figure 2, this method consists of simultaneously sending 
cells assigned different codes, each cell being assigned 
only one code. In the example shown in Figure 2, the 
cell interval is 6 milliseconds. The terminal 16 sends 
two cells 40 and 42 each containing 424 symbols (bits) . 

35 Cell 40 is assigned code C x and cell 42 is assigned code 
C 2 . 

The terminal 18 sends simultaneously a cell 44 
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assigned code C 3 and at the same time another terminal 
sends a cell 46 assigned code C 4 . 

Cells 40, 42, 44 and 4 6 are represented as they 
appear at the station 20. It can be seen that the cells 
5 from the various terminals arrive at the station 20 with 
time shifts that can be a problem. Figure 2 shows the 
time shift 5t between the time of arrival of cell 46 and 
the time of arrival of cell 44 . 

This lack of synchronization of the cells leads to 
10 an orthogonality defect, the consequence of which is that 
the correlations between Cj^, C X C 4 , C 2 C 3 , C 2 C 4 and C 3 C 4 are 
not strictly zero; this causes additional interference 
noise during despreading (despreading is sometimes 
referred to hereinafter as "decoding"). On the other 
15 hand, as cells 40 and 42 come from the same terminal 16, 

they are perfectly synchronized when they are received by 
the station 20 and therefore do not interfere with each 
other . 

To overcome the problem associated with the lack of 

20 synchronization, cell interval 50 is divided into 
sub-intervals (Figures 3 and 4) , each of which is 
assigned to only one terminal. In other words, the 
transmissions from the various terminals are separated in 
time, which avoids the lack of synchronization between 

25 cells transmitted simultaneously and assigned different 
codes. However, the invention retains the advantage 
associated with the use of codes, which is to enable the 
adjustment of the spectral efficiency of the modulation 
in order to maximize the communication resources of the 

3 0 system. 

Because the calls sent by each terminal have a 
duration significantly less than a cell interval, each 
cell is assigned more than one code. However, because 
the codes are not sent by the same terminal, there is no 

35 lack of synchronization on reception. 

To avoid the risk of collisions between cells on 
reception, it is preferable to provide a guard interval 
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52, 54 (Figure 3) , 56, 58 (Figure 4) between the 
sub-intervals corresponding to different terminals. 

In the simplified example shown in Figure 3, cell 
interval 5 0 is divided into as many sub- intervals as 
5 there are cells to be transmitted. Sub- intervals 60, 62, 
64 and 66 have equal durations and the same number of 
codes is assigned to each sub-interval. Thus in this 
example four codes C lr C 2 , C 3 and C 4 are provided. 

Sub- intervals 60, 62, 64 and 66 are respectively 

10 assigned to cells 40, 42, 44 and 46. 

Guard interval 52 separates intervals 62 and 64 and 
guard interval 54 separates intervals 64 and 66 assigned 
to different terminals. An interval 68 is also provided 
to separate sub-intervals 60 and 62. Interval 68 is 

15 intended to simplify management and control but is not 
indispensable, because cells 4 0 and 42 are sent by the 
same terminal . 

In the simplified embodiment shown in Figure 4 the 
lengths of the sub- intervals differ from one terminal to 

20 the other. Thus sub- interval 70 assigned to terminal 16, 
and therefore to cells 40 and 42, is longer than sub- 
interval 72 assigned to terminal 18, and therefore to 
cell 44; sub- interval 74 assigned to the third terminal, 
i.e. to cell 46, is one-third the length of sub-interval 

25 72. Guard interval 56 separates sub- intervals 70 and 72 
and guard interval 58 separates sub-intervals 72 and 74. 
Also, the combination of sub-intervals 70, 72 and 74 and 
guard intervals 56, 58 does not occupy cell interval 5 0 
completely, a sub- interval 76 remaining available for 

30 other calls. 

Note also that in the Figure 4 example the number of 
codes differs from one sub-interval to another. Thus six 
codes C x to C 6 are assigned to sub- interval 70, the first 
four codes C x to C 4 are assigned to sub- interval 72 and 

35 twelve codes C ± to C 12 are assigned to sub-interval 74. 

The durations of intervals 60, 62, 64, 66 (Figure 3) 
or 70, 72, 74 (Figure 4) are chosen to satisfy two 
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contradictory constraints: on the one hand, they must be 
as small as possible to maximize the call capacity and, 
on the other hand, the peak power must not exceed a limit 
value imposed by the power available in the terminal or 
5 imposed by other conditions, such as avoiding 
interference with other systems (for example 
geosynchronous satellite systems) or with adjacent areas 
that may use the same resources; the power limit can also 
depend on the location of the terminal in the area 10. 

10 The method corresponding to Figure 3 has the 

advantage of great simplicity and simplifies control 
because of the regular distribution of time 
sub- intervals . In particular, it is not necessary for 
the receiver at the station 2 0 to update the composition 

15 of the cell interval, since that composition is 
invariant . 

However, this solution does not maximize 
transmission capacity, on the one hand because of the 
presence of guard time 68 and on the other hand because 

20 the time sub- intervals cannot be matched to the 

characteristics of the terminal (this solution differing 
in this respect from the method shown in Figure 4) . The 
expression "characteristics of the terminals" refers in 
particular to the transmit power, the location within the 

25 area 10 and the code assignment possibilities. 

Implementing the method shown in Figure 4 requires 
more complex control or management in the modems of the 
system than is required to implement the method shown in 
Figure 3. However, the Figure 4 method has the advantage 

30 that it maximizes efficiency, in particular because 

terminals having different characteristics can send in 
the same cell interval without reducing capacity. 

Accordingly, in Figure 4, for example, sub- interval 
70 corresponds to sending by a domestic subscriber 

35 terminal having a capacity limited to six codes but which 
can use its full capacity if it is near the center of the 
area 10. In this example, sub-interval 72 is also 
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assigned to a domestic subscriber terminal. However, 
this latter subscriber terminal is near the edge of the 
area 10, which limits its capacity to four codes. If the 
terminal had to send more codes, it would require more 
power than the permitted limit. Finally, cell 46 is sent 
by a professional terminal having a code capacity (twelve 
codes) greater than the capacity of a domestic terminal. 

Refer now to Figures 5 and 6, which show two ways of 
assembling various symbols of two cells sent by the same 
terminal. The diagrams are simplified, of course, like 
those of Figures 2 to 4 . 

In the example shown in Figure 5 time sub- interval 
is divided into two equal parts, with no guard time, 
the first part is assigned to cell 40 and the second part 
is assigned to cell 42. Cells 40 and 42 are assigned the 
same number of codes (four codes in this example) . 

As an alternative to this (not shown) each cell 
extends over the whole of time sub- interval 70-l but the 
codes are divided between the cells, for example with 
codes C-l and C 2 assigned to cell 4 0 and codes C 3 and C 4 
assigned to cell 42 . 

In the example shown in Figure 6 the number of codes 
(five codes) assigned to the terminal during sub- interval 
70 is the maximum number, which is limited by the fact 
that the power transmitted must not exceed a limit 80. 

That limit depends on the attenuation 
characteristics for propagation between the terminal and 
the station and the power level available at the 
terminal . 

Also, only a part of sub-interval 70! is used. 

The time division of the cells is not effected for 
each code at the same time. In particular, it can be 
seen that for codes C x and C 2 cell 40 contains three 
symbols (remember that this is a simplified example) and 
cell 42 contains two symbols. For codes C 3 and C 4 cell 40 
contains two symbols and cell 42 contains three symbols. 

Code C 5 is used for a shorter time than codes C x to 
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C 4 . It can be seen that for code C 5 there are only four 
symbols. Note also that for code C 5 the first two symbols 
are assigned to cell 40 and the last two are assigned to 
cell 42. 

5 As an alternative to this (not shown) , the resources 

are divided principally as a function of the codes, for 
example the ten symbols of codes C x and C 2 and the first 
two symbols of codes C 3 are assigned to cell 4 0 and the 
other symbols of codes C 3/ C 4 and C 5 are used for cell 42. 

10 In Figure 6, time sub-interval 70 ^ is shorter than 

sub-interval 70 x in Figure 5, which further increases the 
efficiency of the system. 

When, as described with reference to Figure 6, cells 
are transmitted in an interleaved fashion, the number of 

15 reference symbols used for phase and frequency 

synchronization can be reduced, compared to the situation 
in which the cells are sent one after the other. For the 
purposes of synchronization it is possible to consider 
the interleaved combination of several cells as 

20 constituting a single sell. In other words, if 16 

reference symbols are required to synchronize a cell, for 
example, the same number of symbols (16 symbols) is used 
if two, three or even more cells are transmitted in an 
interleaved fashion. The only condition to be complied 

25 with is that the symbols must be uniformly distributed in 
time . 

The table below provides examples of the 
distribution of time sub-intervals for professional 
terminals (P terminals) and domestic terminals (D 
30 terminals) . In the table, p is the proportion of codes 
that can be used from the set of all available codes. 
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TABLE 1 





Number of 

codes 
ava. i 1 ab 1 e 


Number of 
symbols 
per code 


Number of 
codes used 


Number of 
symbols 
per cell 


P terminals 


4 0 


1 1 


4 0 


440 


p - ± 












64 


7 


63 


441 




128 


4 


110 


440 


D terminals 


40 


32 


14 


448 


p = 14/40 












64 


20 


22 


440 




128 


10 


44 


440 



The table corresponds to the following hypotheses: 



Spreading frequency ("chip" frequency): 2933 MHz 
5 Time accuracy on arrival at central station: ±6.8 jas 

Cell interval (50): 60 ms + 13.6 (as 

Length of each cell: 440 symbols (including 
reference symbols) . Note that the number of reference 
symbols can be further reduced because the method 
10 according to the invention facilitates synchronization. 

In one example an additional code is superposed on 
all the signals in the same area, which reduces the level 
of interference between calls from adjacent areas, 
provided of course that the codes which are superposed 
15 are different from one area to another. 

Although the invention has been described in 
relation to a satellite telecommunication system, it 
applies more generally when terminals must send messages 
to the same station. 



